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Purpose: Esophageal cancer is a major cause of cancer-related mortality worldwide. The

long noncoding RNA LINC00152 has been confirmed to play an oncogenic role in many

cancers. However, the expression pattern and function of LINC00152 in human esophageal

squamous cell carcinoma (ESCC) remain unclear.

Materials and methods: We evaluated LINC00152 expression in ESCC by qPCR and

in situ hybridization. Proliferation, apoptosis, cell cycle, migration and invasion were

examined in ESCC cells knocked down for LINC00152 knockdown by siRNA.

Furthermore, an mRNA microarray was performed in ESCC cells with LINC00152

knockdown.

Results: LINC00152 was significantly upregulated in human ESCC clinical samples (P<0.001)

and cell lines (P=0.008), and LINC00152 overexpression was related to lymphatic metastasis

(P=0.03) and advanced pTNM classification (P=0.005). Furthermore, ESCC patients with

LINC00152 overexpression had significantly shorter overall survival (P=0.007), and

LINC00152 overexpressionwas an independent risk factor for overall survival of ESCC patients.

LINC00152 knockdown inhibited the proliferation, migration and invasion of ESCC cells in

vitro. In addition, mechanistic investigations through mRNA array and immunoblot analyses

demonstrated that LINC00152 regulated the expression of several cell cycle-related proteins and

SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein receptors) interactions in

vesicular transport pathway proteins.

Conclusion: Our research indicated that LINC00152 exhibits oncogenic functions in ESCC

and may represent a potential new target for ESCC therapy.
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Introduction
Esophageal carcinoma is the seventh most common cancer worldwide, with approxi-

mately 509,000 deaths cases per year.1 Esophageal squamous cell carcinoma (ESCC)

is the predominant type of esophageal cancer and comprises 90% of all esophageal

cancer cases. In recent years, ESCC incidence has risen by 0.6% annually, particularly

in men.2 Despite progress in medical and surgical treatments, most ESCC patients are

diagnosed at advanced stage, leading to poor prognosis.3 According to the global

surveillance of trends in cancer survival 2000–2014 (CONCORD-3), the 5-year survi-

val rate of ESCC is 22–30% in China.4 Currently, the mechanism underlying esopha-

geal cancer development remains unclear, resulting in limited clinical approaches for

the early diagnosis and therapy of ESCC.
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Protein-encoding genes account for only approximately

2% of genome, while noncoding genes account for the other

98% of genome, which was once thought to be transcriptional

“noise”.5 In recent years, with the development of genomics, a

large amount of evidence has shown that noncoding RNAs

may play an important role in diseases. For example, several

long noncoding RNAs, RNAs between 200 and 100,000

nucleotides,6 have shown significant roles in tumorigenesis

and development, such as MALAT1, HOTAIR and TUG1.7

Long intergenic noncoding RNA 152 (LINC00152), an

828 bp lncRNA located at chromosome 2p11.2, was first

discovered in hepatocellular carcinoma.8 LINC00152 has

since been shown to function in the progression of many

cancers, including gastric cancer, lung adenocarcinoma, ton-

gue squamous cell carcinoma, gallbladder cancer and renal cell

carcinoma.9–11However, the expression and biological roles of

LINC00152 in the development of ESCC remains unclear.

Herein, we examined the expression level of LINC00152

in ESCC tissues and analyzed its correlation with clinico-

pathological features and outcome. We also investigated the

biological function and molecular mechanisms of

LINC00152 in ESCC. Our results demonstrate that upregu-

lation of LINC00152 promotes tumorigenesis of ESCC and

suggest LINC00152 as an effective target for ESCC therapy.

Materials and methods
Patients and tissue specimens
This study was approved by the Ethics Committee of The First

Affiliated Hospital of Wenzhou Medical University and was

conducted in accordance with the Declaration of Helsinki. A

total of 69 histologically diagnosed ESCC tissue samples and

corresponding paracancerous normal tissues were obtained

from patients who underwent surgery in the Department of

Thoracic Surgery between 2014 and 2015. Paracancerous nor-

mal tissues were defined as normal mucosa tissue more than 5

cmaway from the edge of cancer.None of the included patients

had received any preoperative therapy. The tissues were col-

lected immediately after surgical resection and stored at −80ºC
until analysis. All patients provided written informed consent.

The clinical and pathological characteristics for each patient

were also collected.

Cell culture
The human esophageal carcinoma cell lines used in this

study (TE1, TE13, ECA109 and KYSE-410) were

obtained from the First Affiliated Hospital of Nanjing

Medical University, and the human esophageal epithelial

normal cell line (HEEC) was purchased from the labora-

tories of ScienCell Research (San Diego,Los Angeles,

USA). All cell lines used in this study were approved by

the Ethics Committee of The First Affiliated Hospital of

Wenzhou Medical University. Three cell lines (TE1, TE13

and KYSE-410) were cultured in DMEM high glucose

medium (Kaiji, China) containing 10% FBS. The

ECA109 and HEEC cell lines were cultured in 1640 med-

ium (Kaiji) containing 10% FBS. Cells were maintained in

a 37ºC incubator containing 5% CO2.

RNA extraction, qRT-PCR and microarray

hybridization
Total RNAwas isolated from tissues and cells using TriZol

(Life Technologies, Scotland, UK) following the manufac-

turer’s protocol. RNA (1.5 μg) was reverse transcribed

using PrimeScript RT Master Mix (Takara, Osak ,

Japan). qRT-PCR was conducted using the SYBR Select

Master Mix (Applied Biosystems, CA, USA) on the

ABI7300 system (Applied Biosystems). Glyceraldehyde

3-phosphate dehydrogenase (GAPDH) mRNA was used

as an internal standard for normalization. The PCR primer

sequences are shown in Table S1. The 2−ΔΔCt method was

used to calculate the relative mRNA expression levels.12

All samples were analyzed in triplicate.

For the microarray, the processes of labeling, hybridization

and scanning were carried out at CapitalBio Corporation

(Beijing, China).

In situ hybridization (ISH)
The esophageal tissue microarray containing 105 cases of

ESCC tissue was purchased from Outbo Biotech Co. Ltd

(Shanghai, China). The sequence of the LINC00152 ISH

probe (Outbo Biotech Co. Ltd.) was ATTAAGACAC-

ATAGAGACTGGCCA. The RNAscope 2.0 HD-Brown

Manual Assay kit was used for ISH according to the manu-

facturer’s instructions (Advanced Cell Diagnostics, Newark,

CA,USA). The staining resultswere visualized using theDako

EnVision FLEX detection system (Dako, Carpinteria, CA,

USA). The LINC00152 expression level was scored according

to staining intensity and positive staining as follows: the stain-

ing intensity score: 0 point (negative), 1 point (+), 2 points (+

+), 3 points (+++); and positive staining rate score: 0 point

(negative), 1 point (1–25%), 2 points (26–50%), 3 points (51–

75%), 4 points (76–100%). The total score was calculated as

the staining intensity score multiplied by the positive staining

rate score.
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Cell proliferation assays
Cell Counting Kit-8 (CCK-8) assay and the real-time

xCELLigence analysis system (RTCA) assay were used to

assess cell proliferation. Each assay was performed three

times independently. For CCK8 assays, cells transfected with

siLINC00152 or negative control (NC) siRNAwere plated in

96-well plates (2×103cells/well). Next, 10 μL CCK-8 reagent

was added to each well, and plates were incubated for 2 hrs at

37ºC. Absorbance was measured at 450 nm spectrophotome-

trically every 24 hrs. For RTCA assay, the transfected cells

were seeded in an E-Plate 16 plates (1×104cells/well) and

cultured in 150 μLmedium supplementedwith 10%FBS. Cell

proliferation was measured by the RTCA device.

Cell migration and invasion assays
Migration assay was performed using Transwell assay

inserts (Millipore, Billerica, MA, USA). Approximately

2.5×105 transfected cells were seeded in the upper chamber

with 200 μL serum-free DMEM medium. Conditioned

medium was added to the lower chamber. For the invasion

assay, the upper chamber was replaced by Matrigel invasion

chambers (BD Biosciences, New Jersey, USA) and con-

tained 4×105 cells suspended in 500 μL serum-free

DMEM medium. The lower chamber was filled with 750

μL DMEM with 10% FBS. After 24 hrs or 48 hrs, cells that

migrated across the membrane were fixed using methanol

and stained by crystal violet. Each chamber was counted

under the microscope in five random fields. All experiments

were performed independently in triplicate.

Apoptosis and cell cycle analysis
For apoptosis evaluation, cells were harvested after transfec-

tion and then stained with the Annexin V-FITC/PI apoptosis

detection kit (BD Biosciences) according to the manufac-

turer’s instructions. For cell cycle analysis, the cells were

stained with propidium oxide (CycleTEST PLUS DNA

Reagent Kit, BD Biosciences). Flow cytometry analysis of

cells was performed by FACScan (BD Biosciences).

Western blot
Western blot assay was carried out as previously described.13

Total protein was extracted with RIPA lysis buffer (Solarbio,

Bei Jing, China) supplemented with protease inhibitors

(Roche Applied Science, Basel, Switzerland). The following

primary antibodies were used: STX3 (Thermo Fisher,

Waltham, Massachusetts, USA, PA5-31,208); STX12

(Thermo Fisher, PA5-65,939); GAPDH (Santa Cruz,

sc-47,724); MAD2L1 (Thermo Fisher, PA5-18,090) and

CDK6 (Thermo Fisher, MA5-13,330).

Statistical analysis
All statistical analyses involving Student’s test, Spearman

test, and one-way ANOVAwere performed using the SPSS

software package (version 20.0, SPSS Inc.). Overall survi-

val (OS) curves were analyzed using the Kaplan–Meier

method and survival differences were evaluated by log-

rank test. The significance of survival variables was eval-

uated by the Cox multivariate proportional hazards model.

All P-values were two-sided, and a P-value less than 0.05

was considered statistically significant.

Results
LINC00152 is significantly overexpressed

in ESCC
We first identified an ESCC tissue microarray from GEO

DataSets (ID: GSE53624),14 in which the lncRNA expres-

sion profile was determined in tumor and corresponding

paracancerous normal tissues from 119 ESCC patients.

The results showed that LINC00152 was significantly

overexpressed in ESCC tissues compared with paracancer-

ous tissues (Figure 1A, P<0.001). We validated this result

by performing qRT-PCR in 69 pairs of matched ESCC

tissues and corresponding paracancerous normal tissues.

LINC00152 was prominently overexpressed in 76.81%

(53 of 69) of ESCC tissues, with an average 5.62-fold

change in expression compared with normal tissues

(Figure 1B, P=0.008).

LINC00152 overexpression is associated

with clinicopathological characteristics and

predicts poor prognosis of ESCC patients
We further evaluated LINC00152 expression in the micro-

array containing 105 cases of ESCC tissue using ISH and

scored the samples as described in Methods. Based on the

total score, the samples were divided into the low

LINC00152 expression group (total score <4, n=19,

Figure 2A and C) and high LINC00152 expression group

(total score ≥4, N=86, Figure 2B and D). High expression of

LINC00152 was closely associated with N stage (P=0.03)

and advanced TNM stage (P=0.005) (Table 1).

Furthermore, Kaplan–Meier analysis demonstrated that

ESCC patients in the high LINC00152 expression group

had a significantly shorter OS compared with patients in the

low LINC00152 expression group (P=0.007, Figure 2E).
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Univariate Cox regression analyses indicated that

LINC00152 expression, sex, p53, T, N and TNM stage

were significantly correlated with OS of ESCC patients.

Furthermore, multivariate Cox regression analysis showed

that LINC00152 overexpression was an independent risk

factor for OS of ESCC patients (Table 2).

LINC00152 promotes proliferation and

regulates the cell cycle of ESCC cells
To examine the function of LINC00152 in ESCC, we first

evaluated LINC00152 expression in four human ESCC cell

lines, TE13, TE1, ECA-109, KYSE-410 and a HEEC by

qPCR. LINC00152 expression was upregulated in TE1,
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TE13 and ECA-109 cells but downregulated in KYSE-410

cells compared with HEEC cells (Figure 3A).

To investigate the biological function of LINC00152,

we used two siRNAs to knock down its expression in

TE13 and TE1 ESCC cell lines. We confirmed downregu-

lation of LINC00152 by qRT-PCR after transfection and

found that siRNA1 showed a better silencing efficiency

(Figure 3B). We next examined the role of LINC00152 in

the proliferation ability of ESCC cells by performing

CCK-8 assays in TE13 and TE1 cells transfected with

siRNA1 for 24 hrs. The results showed that downregula-

tion of LINC00152 inhibited cell proliferation of ESCC

cells compared with controls (Figure 3C). Evaluation of

cell proliferation using the xCELLigence assay showed

similar results (Figure 3D).

We also evaluated cell cycle distribution in ESCC cells

downregulated for LINC00152 and found that both TE1 and

TE13 cells with LINC00152 knockdown showed an S

phase arrest (Figure 4A). However, silencing LINC00152

had no impact on the apoptosis of ESCC cells (Figure 4B).

LINC00152 promotes the invasion and

migration of ESCC cells
We next investigated the role of LINC00152 in ESCC cell

migration and invasion. Transwell assay showed that

Table 1 Correlation between LINC00152 expression and clinicopathological characteristics

Variables LINC00152 expression Total rs P-value

Low High

Age (years) 0.013 0.908

≤65 10 44 54

＞65 9 42 51

Sex 1.228 0.268

Female 7 21 28

Male 12 65 77

T stage 1.434 0.231

T1/T2 5 11 16

T3/T4 13 73 86

Null 3

N stage 4.691 0.03*

N0 13 34 47

N1/N2/N3 6 49 55

Null 3

TNM stage 7.798 0.005**

I/II 14 34 48

III 4 48 52

Null 5

Grade 0.259 0.611

1/2 16 65 81

3 3 21 24

P53 0.521 0.47

Negative 7 21 28

Positive 11 49 60

Null 17

Ki67 0.465 0.495

Negative 6 32 38

Positive 12 44 56

Null 11

Notes: *P<0.05, **P<0.01.
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transfection of ESCC cells with siRNA targeting

LINC00152 significantly inhibited cell migration com-

pared with cells transfected with NC siRNA (Figure 5A).

In addition, Matrigel assay revealed that the invasion of

ESCC cells was inhibited by LINC00152 knockdown

compared with NC cells (Figure 5B). Taken together,

these results demonstrated that LINC00152 may promote

migration and invasion of ESCC cells.

Initial exploration of the oncogenic

mechanism of LINC00152
Our results thus far indicate that LINC00152 may promote

the proliferation, migration and invasion of ESCC cells,

indicating it exhibits oncogenic functions. To uncover the

potential oncogenic mechanism of LINC00152, we per-

formed mRNA array analysis in LINC00152 knockdown

ESCC cells compared with controls and analyzed the results

by Gene Set Enrichment Analysis (GSEA). The differentially

expressed genes in ESCC cells with LINC00152 knockdown

were enriched in the cell cycle pathway and the SNARE

interactions in vesicular transport pathway (Figure 6A).

Among genes with a differential expression of

>2.5-fold, we selected two cell cycle-related genes

(MAD2L1, CDK6) and two SNARE interactions in vesi-

cular transport-related genes (STX3, STX12) for further

analysis. Western blot analysis indicated that LINC00152

knockdown significantly increased protein levels of

MAD2L1, CDK6 and STX3, while STX12 level was

decreased compared with negative controls (Figure 6B).

Discussion
In recent years, the roles and mechanisms of lncRNAs in

tumorigenesis and development have attracted more and

more attention of researchers in the ESCC field. Multiple

studies have shown that lncRNAs are involved in the

progression of ESCC.15 Some researchers have reported

significantly differentially expressed lncRNAs in ESCC

cells or tissues. Several of these lncRNAs, such as

UCA1, HOTAIR, SPRY4-IT1 and CBR3-AS1, have

been demonstrated to exhibit oncogenic or tumor-

suppressor functions in ESCC, suggesting these as

potential diagnostic tools and molecular markers to

determine the prognosis of patients.16–18 However, our

understanding of the mechanisms underlying ESCC

development and progression is still limited. Thus, in

this study, we aimed to study the malignant biological

behavior of lncRNA and ESCC metastasis. We report

LINC00152 as an lncRNA related to the metastasis of

ESCC, which may lead to a new biomarker for the

diagnosis of esophageal cancer.

The dysregulation of LINC00152 has been found in

various cancers including lung cancer, gastric cancer,

hepatocellular cancer, pancreatic ductal adenocarcinoma,

gallbladder cancer, renal cell cancer, glioma and tongue

squamous cell cancer.19 LINC00152 has been shown to

exhibit oncogenic functions and regulate other genes by

epigenetic modifications and interactions with proteins and

miRNAs.11,20 However, no study has examined the expres-

sion and potential function of LINC00152 in esophageal

cancer. Herein, we examined the potential relationship

between LINC00152 and esophageal cancer. Detection of

LINC00152 expression level in 119 paired ESCC tissues

by ISH showed that LINC00152 was upregulated in ESCC

tissues compared with controls. Furthermore, patients with

LINC00152 overexpression showed advanced N stage

and TNM stage. We explored the function of LINC00152

in ESCC cell biological behavior and found that

Table 2 Univariate and multivariate analyses of factors correlated with overall survival of esophageal cancer patients

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

LINC00152 1.917 1.175–3.129 0.009** 1.735 0.936–3.214 0.045*

Grade 1.357 0.838–2.200 0.215

Sex 1.796 1.065–3.028 0.028* 1.546 0.811–2.945 0.186

Age (years) 0.879 0.574–1.346 0.554

T stage 2.743 1.361–5.531 0.005** 1.311 0.562–3.061 0.531

N stage 2.044 1.309–3.193 0.002** 0.447 0.126–1.594 0.215

TNM stage 2.841 1.770–4.560 0.000*** 4.978 1.247–19.871 0.023*

P53 1.826 1.072–3.110 0.027* 1.269 0.699–2.302 0.433

Ki67 1.085 0.683–1.722 0.731

Notes: *P<0.05, **P<0.01, ***P<0.001.
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LINC00152 promoted the proliferation, invasion and

migration of ESCC cells in vitro. These results suggested

that LINC00152 plays an important role in ESCC metas-

tasis and may serve as a diagnostic and prognostic factor

for patients with ESCC.

A previous study reported that the circulating levels of

LINC00152 were correlated with poor prognosis of ESCC

patients and revealed that LINC00152 may be a potential

target for early occurrence of ESCC.21 Gallbladder cancer

with LINC00152 overexpression was inclined to have

advanced TNM stage.22 A similar conclusion was

demonstrated in gastric cancer23 and renal cell carcinoma.24

These studies are consistent with our results in ESCC.

The tumor pathogenesis process involves a complex

gene regulation network. Although lncRNAs lack protein-

coding capacity, they play critical roles in gene regulation via

direct or indirect mechanisms.25,26 To elucidate the onco-

genic mechanism of LINC00152, we conducted microarray

and bioinformatics analyses. GSEA showed that differen-

tially expressed genes in LINC00152 knockdown ESCC

cells were associated with the cell cycle (such as MAD2L1

and CDK6) and the SNARE interactions in vesicular
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transport pathway (STX3 and STX12), which was validated

by Western blotting. Notably, our flow cytometric analysis

showed that ESCC cells knocked down for LINC00152

showed an S phase arrest, indicating LINC00152 might

promote the proliferation of ECSS cells via regulating the

cell cycle, which was consistent with the GSEA results.

The chief function of SNARE is the mediation of vesicle

fusion. Multiple studies showed that the vesicular transport

pathway functions in various aspects of cancer progression,

such as angiogenesis, cell proliferation, cell metastasis and cell

migration.27,28 Kean et al reported that STX12 promoted cell

invasion by regulating the secretion of matrix
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Figure 4 LINC00152 impacts the cell cycle but not apoptosis of ESCC cells.

Notes: (A) siRNA treatment significantly blocked TE1 and TE13 cells at S phase. (B) Silencing of LINC00152 had no impact on the apoptosis of ESCC cells. *P<0.05, **P<0.01.
Abbreaviation: ESCC, esophageal squamous cell carcinoma.
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metalloproteinases, thus degrading the extracellular matrix.29

STX3 also functions as a transcriptional regulator. Breast

cancer patients with STX3 overexpression had advanced

TNM stage and shorter overall and disease-free survival com-

pared with patients with low STX3 expression.30 STX3 also

promoted the proliferation of breast cancer cells by increasing

activation of Akt-mTOR signaling.31 All these results indi-

cated that LINC00152 may regulate the expression of genes

involved in the cell cycle pathway and the SNARE

interactions in vesicular transport pathway to promote migra-

tion, invasion and migration of ESCC.

LINC00152 may also be involved in the progression of

ESCC through other mechanisms. For example,

LINC00152 may act as a competing endogenous RNA

to confer oxaliplatin resistance, leading to poor prognosis

in colon cancer.11 In the progression of lung adenocarci-

noma, LINC00152 inhibits the expression of IL24 by

binding to EZH2.32 In addition, Ming et al found that
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Figure 5 LINC00152 promotes the migration and invasion of ESCC cell lines.

Notes: (A) Compared with negative controls, ESCC cells transfected with siRNA against LINC00152 showedweaker migration ability in Transwell migration assays. **P<0.01. (B)
In Matrigel invasion assay, ESCC cells transfected with siRNA against LINC00152 showed significantly impaired invasion capacity compared with controls. *P<0.05, **P<0.01.
Abbreviation: ESCC, esophageal squamous cell carcinoma.
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LINC00152 could promote colon cancer epithelial–

mesenchymal transition and metastasis by forming a posi-

tive feedforward loop between LINC00152 and Wnt/β-
catenin signaling.33 In gastric cancer, LINC00152 also

promotes tumor cell cycle progression by binding to

EZH2 and repressing p15 and p21.20 Further studies are

required to determine the specific mechanisms that under-

lie the functions of LINC00152 in regulating the biological

behavior of ESCC cells.

In conclusion, here we found that LINC00152 was

closely associated with TNM stage and metastasis of

ESCC. We also demonstrated functions for LINC00152

in promoting proliferation, invasion and migration of

ESCC in vitro. The underlying mechanisms may

involve MAD2L1 and CDK6 cell cycle proteins and

STX3 and STX12 SNARE interactions in vesicular

transport pathway proteins.
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Table S1 The sequence of primers and synthetic siRNAs

Primer Forward Reverse

LINC00152 AAAATCACGACTCAGCCCCC AATGGGAAACCGACCAGACC

GAPDH (glyceraldehyde-3-phosphate dehydrogenase) AGGGCTGCTTTTAACTCTGGT CCCCACTTGATTTTGGAGGGA

siRNAs Sense（5’-3’） Antisense（5’-3’）

siRNA1-LINC00152 CCUCUUGACUCUUCUGUGATT UCACAGAAGAGUCAAGAGGTT

siRNA2-LIINC00152 GGAGAUGAAACAGGAAGCUTT UUCUCCGAACGUGUCACGUTT

siRNA-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
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